Objective. To evaluate the content validity and measurement properties of the Patient-Reported Outcome Measurement Information System (PROMIS) physical function item bank and a 20-item short form in patients with RA in comparison with the HAQ disability index (HAQ-DI) and 36-item Short Form Health Survey (SF-36) physical functioning scale (PF-10).
Introduction
Physical function is a core outcome domain in RA [1] . Physical function is usually assessed with fixed-length questionnaires such as the HAQ disability index (HAQ-DI) and the 36-item Short Form Health Survey (SF-36) physical functioning scale (PF-10) [2] . Although these measures possess generally favourable measurement properties, key shortcomings associated with their use in RA are floor and ceiling effects and patient and administrator burden [2, 3] . Accurate assessment of all patients, irrespective of their level of physical impairment is therefore a major topic of ongoing research.
Item response theory (IRT)based item banking enables computerized adaptive tests (CATs) or tailored short forms that facilitate tailoring of the difficulty of questions posed to the specific population or individual patient, allowing reliable assessment of patients with all levels of functioning. The Patient-Reported Outcome Measurement Information System (PROMIS) project has developed item banks for a great number of patientreported outcome domains, including physical function [4, 5] . In a previous study, the DutchFlemish PROMIS physical function item bank was calibrated in a sample of Dutch patients with patients with RA [6] . In the current study we examined the content and construct validity of the full PROMIS physical function item bank in RA. We also developed a 20-item short form of the physical function item bank that optimally reflects those aspects of physical function that are relevant for patients with RA and compared its measurement precision with the HAQ-DI and PF-10.
Methods

Patients and sampling design
The current study is a secondary analysis of baseline data from a larger, longitudinal study aimed at calibrating the DutchFlemish PROMIS physical function item bank in Dutch RA patients [6] . Data were collected in the Dutch Rheumatoid Arthritis Monitoring (DREAM) registry. The DREAM registry is an observational multicentre cohort study that monitors the course of RA patients undergoing different treatment regimens in 12 hospitals in the Netherlands. Clinical and patient-reported outcomes of patients with RA are monitored over time using a webbased data collection and storage system. Patient-reported outcomes are administered preceding every visit to the clinic. RA patients of three participating DREAM hospitals were informed about the study and invited to participate after logging in to their personal DREAM web portal. Informed consent was provided according to the Declaration of Helsinki and digitally obtained from all participating patients. According to the Dutch law on medical research in humans, approval by an ethics committee was not required for this study.
The calibration study followed a longitudinal design where data were collected preceding three scheduled clinic visits. Patients completed randomly allocated questionnaires containing approximately 40 partially overlapping items from the 121-item PROMIS physical function item bank at each time point [7] along with the HAQ-DI and PF-10. Questionnaires and the allocation of patients to questionnaires was organized in such a way that patients answered all items exactly once after three clinic visits. Analyses in the present study were performed on the expected a posteriori estimates obtained at baseline for each patient (i.e. $40 items per patient). In this study, expected a posteriori estimates are expressed on a scale where 0 reflects the average level of physical function of the participating RA patients at time point 3. The baseline scores reported in this study were higher than at time point 3 [T1 mean 0.55 (S.D. 1.51)]. More elaborate information about the data collection design, item calibration and model fit analyses are described elsewhere [6] .
Measures
Patients completed the HAQ-DI, the SF-36 version 2 health survey and single-item measures of general health, disease activity, pain, stiffness and fatigue alongside the PROMIS physical function items. For a subgroup of patients visiting the outpatient clinic around the time of completing the questionnaire, clinical measures were available to calculate the 28-joint DAS (DAS28).
PROMIS physical function item bank
The PROMIS physical function item bank measures selfreported current capability of physical activities. The item bank contains 121 questions assessing the functioning of the upper extremities (dexterity), lower extremities (walking or mobility) and central regions (neck, back), as well as instrumental activities of daily living, such as running errands. Each item is scored on a 5-point rating scale, with higher scores indicating better functioning.
HAQ disability index
The HAQ-DI contains 20 items measuring physical disabilities over the past week in eight categories of daily living: dressing and grooming, rising, eating, walking, hygiene, reach, grip and activities [8] . Each item is scored on a 4-point rating scale from 0 (without any difficulty) to 3 (unable to do). Disability scores were calculated according to the alternative scoring rule, which does not take the use of aids and help from others into account [9] . The highest scores from each category score are averaged to produce a total score between 0 and 3, with higher values indicating more disability.
SF-36 health survey PF-10
The PF-10 is one of the eight scales of the SF-36 and consists of 10 items measuring perceived current limitations in a variety of physical activities on a 3-point response scale from 1 (yes, limited a lot) to 3 (no, not limited at all). In the current study a norm-based scoring procedure was employed where 50 (S.D. 10) represents the average level of physical function in the 1998 United States general population [10] .
DAS for 28 joints
The DAS28 score is a pooled clinical index that includes a tender and swollen joint count of 28 joints, the ESR and the patient's global assessment of general health [11] .
Numerical rating scales
Patient-reported general health, disease activity, pain, stiffness and fatigue were each assessed using 10-point numerical ratings scales, with higher values reflecting worse health status.
Analysis
Content validity
A patient-reported outcome measure has content validity if its items all refer to aspects of the construct to be measured that are relevant to the construct and to the intended study population. Together, the items must comprehensively reflect the construct to be measured and must be suitable for the intended purpose of an instrument [12] . The content validity of the PROMIS physical function item bank as well as the HAQ-DI and PF-10 for measuring physical function in patients with RA was evaluated by linking their items to the International Classification of Functioning, Disability and Health (ICF) codes using proposed linking rules [13, 14] . The ICF is an exhaustive taxonomy of functioning that categorizes health concepts into dimensions, chapters and codes of functioning, with each successive step representing increasingly specific health concepts. For example, walking more than a mile is a health concept that belongs to the ICF dimension activities and participation, the chapter on mobility and the second-level code walking and moving. Health concepts embodied in the items of the various instruments were considered to be relevant indicators of function in patients with RA if they belonged to the ICF activities domain and were included in the ICF core set for RA or were specifically mentioned by patients as important omissions from the core set in a subsequent qualitative study [15, 16] . The ICF core set for RA represents the minimum set of ICF codes needed to comprehensively represent the experience of patients with RA. It was developed using systematic literature review and expert consensus. Because of their relevance to physical function in RA and inclusion in the core set, ICF chapters writing (d170) and sports (d920) were considered relevant as well. The comprehensiveness of the instruments was determined by evaluating the representation of ICF second-level codes in the instruments and by evaluating the proportional distribution of health concepts across the mobility, activities of daily living and domestic life domains.
Measurement precision
Measurement precision across the different levels of physical function measured by the various instruments was evaluated by obtaining test information functions for various evaluated instruments. The standard error of estimation of a scale at a given level of physical function, y, is inversely related to the amount of statistical information provided by that scale at that specific level of physical function [SEy = 1/ˇI/(y)]. Global reliability of the HAQ-DI and PF-10 was evaluated with an IRT-based index of reliability. The index is the ratio of the variance of the expected a posteriori y estimates and the total variance of y {r = Var[E(y|r)]/Var(y)}, where r is a person's response pattern [17] . Values 50.70 and 50.90 were considered to indicate adequate reliability for group-level and individual-level applications, respectively.
Construct validity
Construct validity was evaluated by calculating Pearson correlation coefficients between the physical function instruments and other patient-reported outcome measures and by comparing scores between known groups. Since all evaluated physical function instruments assess similar constructs, the pattern of correlations with clinical and patient-reported outcomes was hypothesized to be similar for the HAQ-DI, PF-10 and PROMIS physical function item bank. Moreover, the physical function measures were hypothesized to be highly intercorrelated (i.e. >0.60). We further hypothesized that the strongest correlations would be observed among the three physical function instruments, followed by the correlation between physical function scores and other patient-reported outcomes (well-being, fatigue, stiffness, patient-reported disease activity and pain). Weak correlations (i.e. r 4 0.30) were expected with age. The relative validity of the three physical function instruments in discriminating between patients in clinical remission and those with active disease according to the DAS28 was analysed by comparing ratios of F-statistics from univariate one-way analysis of variance tests [18, 19] . DAS28 scores <2.6 were considered to reflect clinical remission.
Short-form development
A 20-item PROMIS short form was developed by selecting item content to optimally reflect the ICF chapters featured in the core set for RA. An attempt was made to select exactly one item for each ICF code. As described in more detail below, the PROMIS physical function item bank has items reflecting 23 of 26 relevant ICF codes. ICF codes d630 (preparing meals) and d550 (eating) and codes d4660 (moving around in different locations) and d455 (moving around) overlapped considerably and therefore all item content related to preparing meals and eating and to moving around and moving around in different www.rheumatology.oxfordjournals.org 2223 PROMIS physical function item bank in RA locations was pooled. ICF code d570 (looking after one's health) was judged to be least strongly related to physical function and no item was included from this ICF code in the short form. To optimize the short form in terms of measurement precision, one item within each pool of possible items was selected based on its contribution to the measurement precision of the short form according to the item information functions of the full item bank. The items selected for the short form are presented in Table 1 .
Results
Patient characteristics are summarized in Table 2 . A total of 690 unique patients completed at least one questionnaire from the item bank and the other patient-reported outcomes. There were no missing data. On average, patients had low levels of disease activity and high levels of physical function. Substantial ceiling effects were observed on the HAQ-DI (53%), but not on any of the other physical function measures.
Content validity
In total, 207 health concepts were identified in the 151 items of the three physical function instruments (Table 3 ). Only 15 (7%) of these could not be linked to the ICF. In all cases these health concepts were too broad to be linked (e.g. usual physical activities or vigorous activities). All health concepts that were linked to the ICF either featured in the ICF core set for RA or were identified as important by patients with RA. Therefore all the evaluated items of the HAQ-DI, PF-10 and PROMIS physical function item bank refer to health concepts that are relevant indicators of physical function in RA. The generic nature of the PF-10 is reflected in its items being predominantly linked to ICF codes within the mobility domain and sports chapter, whereas the HAQ-DI has more items reflecting basic activities of daily living, such as eating and washing, and mobility items related to use of the hands and arms ( Table 2 ). The PROMIS physical function item bank most comprehensively reflects all areas of physical function that are relevant to RA patients according to the ICF core set. Except for assisting others (d660), driving (d475) and moving around using equipment (d465), all the relevant ICF activity domains that are featured in the ICF core set for RA are represented in the full PROMIS physical function item bank.
Measurement precision
The global reliability of the HAQ-DI and PF-10 was high, with reliability coefficients of 0.89 and 0.90, respectively. The precision of the full PROMIS physical function item bank surpassed that of the HAQ-DI and PF-10 for all levels of physical function by virtue of having more items than either of the other instruments (data not shown). However, the precision of the PROMIS physical function item bank was high across all physical function levels, while physical function scores >0, which were observed in 47% of patients, could not be precisely measured with the HAQ-DI or PF-10.
The information functions belonging to the 20-item short form and individual physical function instruments are plotted in Fig. 1 against the distribution of physical function scores observed at baseline. The short form outperformed the HAQ-DI and PF-10 across most levels of physical function. However, for patients with physical function scores >3 S.D. below the mean of the scale, the HAQ-DI outperformed the short-form. The PF-10 provides comparatively little statistical information since it has only half the number of items of the other two instruments. Table 4 summarizes the correlations between the PROMIS physical function item bank, the HAQ-DI and the PF-10 and other patient-related variables. The three physical function instruments were highly intercorrelated and the pattern of correlations with other clinical and patient-reported measures was also highly similar. In addition, the association between the three physical function instruments and the other measures was of the expected magnitude for all comparisons, except for the correlation between age and the HAQ-DI. Taken together, these results were in accordance with the pre-specified hypotheses, indicating adequate convergent and construct validity for the PROMIS physical function item bank. In Table 5 , the relative validity of the three instruments in discriminating between active disease and remission is presented. The HAQ-DI and PROMIS items were about equally efficient, while the PF-10 was less efficient in distinguishing between levels of disease activity.
Construct validity
Discussion
The data of this study demonstrated that the PROMIS physical function item bank assesses a similar construct to the HAQ-DI and PF-10. In addition, the content-driven 20-item PROMIS physical function short form assesses a wider range of physical functioning than do the two traditional instruments, while its item content more comprehensively reflects the physical function domain relevant for RA.
The proposed 20-item short form comprehensively assesses aspects of physical function that are represented in the ICF core set for RA. Specific items included in the short form were chosen to cover a wide range of physical function levels. The measurement precision of the PROMIS physical function short form surpassed that of HAQ-DI and PF-10 and better captured the various levels of function that were observed in the current study. Its use is therefore recommended in studies with patients with RA, particularly for patients with well-controlled disease. Those interested in using the proposed short form in their studies can report a mean score, provided there are few missing data. In the case of missing responses, IRT-based pattern scoring can also be performed on the observed data using appropriate resources at the PROMIS assessment centre. This latter scoring system has the advantage that results may be expressed on the standard PROMIS metric, so that results can be compared with other studies utilizing (other applications of) the PROMIS physical function item bank. Global reliability indices were high for both the HAQ-DI and PF-10, which corresponds to previous research where reliability coefficients sufficient for individual comparisons were observed as well [20, 21] . The instrument-specific information functions showed that the HAQ-DI outperformed PF-10 and the 20-item short form in discriminating between patients with the poorest levels of function. This corresponds to the results from the analysis of content validity that showed that many of its items refer to basic activities of daily living such as eating or dressing unassisted and mobility issues related to use of the hands. Consistent with previous work in RA, the analysis of local measurement precision showed that the items of the HAQ-DI less reliably measure higher levels of function [22] , which were commonly experienced by patients with RA in our sample. In fact, 53% of patients scored the best possible HAQ-DI score, which is well over the commonly accepted criterion for ceiling effects of 15% [23] . Although ceiling effects of the HAQ-DI are a well-known and often reported shortcoming in various settings, the proportion of patients scoring the best possible score was even higher than reported in previous studies in RA [2, 3] . This likely reflects improved general status of current patients as a result of aggressive and early treatment. These findings underscore the need for personalized assessment of physical function and suggest that practical applications of the PROMIS physical function item bank, such as the proposed short form, allow for more precise measurement of patients with various levels of function and reduce floor and ceiling effects. The precision of such applications will depend on the number of administered items and the success of tailoring these applications to the samples' or individual patients' level of functioning. Previous research has shown that a preliminary CAT version of the PROMIS physical function item bank approached the reliability of the full bank and outperforms an equal number of HAQ-DI or PF-10 items [24] . Based on the current results, in particular, gains in the precision of measuring higher levels of functioning are to be expected in such applications, which are most relevant in light of the increased physical health status of contemporary RA patients. All 121 items of the PROMIS physical function item bank refer to ICF codes that are relevant for measuring function in RA according to the ICF core set for RA. Moreover, the item bank covers almost all ICF chapters that feature in the core set. These results support the content validity of the item bank as a whole. The item bank currently lacks items reflecting the ICF codes assisting others, driving and moving around using equipment. Moreover, many items in the item bank measure relatively simple activities of daily living, which is reflected in very high measurement precision at lower levels of function. The item bank might benefit from more items reflecting more difficult physical activities, such as assisting others or walking around using equipment, which is a research topic that is currently being addressed [25] .
The pattern of observed correlations with other measures was highly similar for all three evaluated physical function instruments, which supports the construct validity of the PROMIS physical function item bank in RA. Previous studies of the HAQ-DI and PF-10 [2, 26] also found moderate correlations with other patient-reported outcomes and disease severity measures and low, but significant, correlations with age.
CATs are often viewed as the ultimate goal of item banking. However, an advantage of tailored short forms is that researchers may precisely specify the content they wish to assess. In this study we showed that a short form could be developed that more comprehensively assesses the relevant aspects of physical function for patients with RA and additionally surpasses the measurement precision of the established HAQ-DI and PF-10. It would be interesting for future studies to evaluate whether CATs provide additional measurement precision beyond what is achieved with the fixed short form. A limitation of the current study is that some measurement properties of the short form, such as its global reliability and construct validity, could not be evaluated since none of the patients in our sample filled out all 20 items included in the short form.
The sensitivity of individual items to changes in functional status is also an important aspect of content validity that could not be tested using the data of this study. Future studies should evaluate the responsiveness of individual PROMIS physical function items.
Taken together, the results of the current study suggest that the PROMIS physical function item bank will result in improved measurement precision and less patient burden in the assessment of self-reported physical function in patients with RA. The proposed 20-item short form better targets the most frequently observed levels of physical function in this study among typical Dutch outpatients with RA. Therefore researchers and clinicians interested in assessing physical function in RA patients with relatively high levels of physical function might consider using it in their studies or clinical practice.
